In the latest study conducted by the National Highway Traffic Safety Administration in 2018, it was published that human error is still considered the major factor in traffic accidents, 94 %, compared with other causes such as vehicles, environment and unknown critical reasons. Some driving scenarios are especially complex, such as highways merging lanes, where the driver obtains information from the environment while making decisions on how to proceed to perform the maneuver smoothly and safely. Ignorance of the intentions of the drivers around him leads to risky situations between them caused by misunderstandings or erroneous assumptions or perceptions. For this reason, Advanced Driver Assistance Systems could provide information to obtain safer maneuvers in these critical environments. In previous works, the behavior of the driver by means of a visual tracking system while merging in a highway was studied, observing a cognitive load in those instants due to the high attentional load that the maneuver requires. For this reason, a driver assistance system for merging situations is proposed. This system uses V2V communications technology and suggests to the driver how to modify his speed in order to perform the merging manoeuver in a safe way considering the available gap and the relative speeds between vehicles. The paper presents the results of the validation of this system for assisting in the merging maneuver. For this purpose, the interface previously designed and validated in terms of usability, has been integrated into an application for a mobile device, located inside the vehicle and tests has been carried out in real driving conditions.
Introduction
Reducing the number of traffic accidents is an issue that has been a social concern for quite some time. Today, thanks to the new technologies implemented in the automotive sector, it has been possible to alleviate the number of fatal accidents on the roads, but traffic accidents are still considered one of the leading causes of death worldwide according to recent studies by the World Health Organization [1] .
According to the latest study carried out by the National Highway Traffic Safety Administration in 2018 [2] , 94 % of serious accidents are due to human errors related to the decision, such as performing illegal maneuvers, driving too fast, overconfidence or misjudgment of another car.
The increasing development of Advanced Driver Assistance Systems (ADAS) technologies helps to improve these situations because they assist the driver in making decisions in risky situations and suggest actions that favor not only the safety of the driver himself but also that of those around him.
However, some complex scenarios such as highway merging, which is the subject of this study, involve a high mental load for the user due to the large amount of information that must be processed while performing the merging maneuver. Timely decision making is crucial in this context since if it takes too long to enter the main road, the driver will reach the end of the acceleration lane without speed, assuming a risk of entering at a low speed on the highway. That is why in previous studies [3, 4] a driver assistance system was proposed for the merging maneuver on highways. The following study is a continuation of the same one, in which the system design and its validation in real driving are presented.
State-of-the-art
ADAS offers great potential for further improving road safety, in particular by reducing driver error. Examples include adaptive cruise control (ACC), which permits maintaining a constant speed in accordance with road conditions and keeping a predetermined safety distance, pedestrian protection systems (PPS), capable of alerting the driver and acting autonomously to reduce the hit speed, and blind-spot detection (BSD), which indicates the existence of another vehicle or object in a blind spot in the rear detection area.
However, there are still many complex scenarios where human error is present due to the high amount of information that the driver has to process while making the right decision for the maneuver. Merging situation is one of the most critical scenarios that occur on the road because to perform a safe maneuver, the driver depends not only on the variables of his vehicle and the environment but also on the relative speed and position of adjacent vehicles.
Several authors have dedicated their studies to this situation, such as [5] which studied accidents in situations of lane change and merging, [6] which analyzed the time needed to perform a merging maneuver between young and elderly drivers Наука и техника. Т. 18, № 6 (2019) Science and Technique. V. 18, No 6 (2019) or [7] , which performed a realistic multi-driver merging simulation, where several driving simulators were connected to each other in order to have a more naturalistic behavior. This last study compares an ADAS cooperative system for merging situations in two conditions, single-driver simulation and multi-driver simulation, in which all drivers are warned of the maneuver that the ego vehicle is going to perform.
However, most of the studies carried out are in the field of simulation and very few in real driving, due to the cost and risk involved in performing tests, especially if there is dense traffic. In the study carried out by [8] , real driving tests were carried out with 10 subjects, analyzing the effect of traffic density on the state of the driver's eye. From the results, he supported the need for a driving assistant that could suggest to the driver to accelerate or decelerate the vehicle depending on the gap necessary for merging. A study that serves as a precedent to ours is [9] , which developed a merging system on highways, which provided a visual warning on a Google map on a smartphone, verified in real driving. Unlike ours, this article had three vehicles connected, indicating the need to accelerate, brake or enter the gap by means of three sentences according to the calculations of the algorithm until the end of the lane, in addition to being a more complex algorithm than ours.
This paper validates an application of merging assistance in real driving, based on cooperative systems, which have already been used in previous studies applied to the merging maneuver as for example [10] and [11] . Thanks to this technology the vehicles share internal variables of position and speed, proposing a more affable and safe environment.
Assistance system design

Previous work
In previous studies [3, 4] the influence of the merging situation on the cognitive behavior of the driver depending on traffic density was analyzed. The tests, carried out with several subjects in real driving using an eye-tracking system, confirmed that pupil diameter is a sensitive indicator of this type of situations. The fixations were also analyzed, whose duration was affected during the maneuver due to the amount of information to be processed in a single glance to the rear-view mir-ror. The frequency of mirror looks was also increased by 30 % with respect to the baseline in normal driving. In [12] the fixations were also analyzed by means of heat maps, noting that there was a common hot zone in both rear-view mirrors when the merging maneuver was performed in most driving tests. This area, located in the upper-inner part of the rearview mirror, is considered adequate for the placement of the assistance system to be developed later.
System development
The proposed assistance system uses cooperative systems (C-ITS) based on Vehicle-to-vehicle (V2V) communication, where vehicles share information on speed and position. This technology used in several experiments such as [13, 14] makes the environment safer and less hostile to adjacent vehicles, thanks to knowing the internal variables of the vehicles.
The variables of speed and position are the inputs of the mobile application that supports the assistance system. For the system interface, a simple bar design has been chosen ( Fig. 1 ), based on previous ADAS development studies [15] , where an intelligent speed adaption system was developed. The bars show in qualitative terms, how much to brake or accelerate once the vehicle starts to merge to the main road, guiding it to acquire an optimal speed. 2) the maximum speed of the road in the acceleration lane must not be exceeded in any case;
3) the assumed acceleration and deceleration limits to reach are 2 and 4 m/s 2 respectively [16, 17] .
The reason for defining a safety margin in terms of time is because more speed requires more distance to brake. Numerous studies report that a driver reacts, in the worst case, with a reaction time of 1.5 s to a surprise event, as an object that moves suddenly on the driver's route [18] . This is why in a conservative way two seconds of time is chosen as the safety margin, so this variable can be applied to any scenario due to its dependence on speed and space.
On the algorithm are shown two main conditionals, the vehicle merge in front of the vehicle that is already in the main road, if safety conditions permit, or the vehicle merge behind the vehicle of the main road, either because it exceeds the maximum speed of the road or because the acсeleration need is excessive.
The algorithm used, which is based on motion equations, is more intuitive and simple than the one presented in [19] , where a decentralized algorithm for highway merging system was developed, which only indicated the need to accelerate, brake or enter.
The code written generically with the variables is attached below, as well as a flowchart (Fig. 2 
System validation in real driving
Three merging maneuvers were carried out along the M-45 highway in Madrid, Spain. Two On-Board Unit (OBU) G5 communication modules embedded in each of the vehicles, send information to the application through the wireless network, which generates only visual warnings based on the speed information and the positioning collected by the Global Navigation Satellite System (GNSS) on a digital map ( Fig. 3) . The GNSS is an integrated satellite navigation receiver GLONASS + GPS + GALILEO + SBAS, whose sampling frequency for the position and speed values of each vehicle is 200 m/s and which are the inputs to the control algorithm of the merging assistance interface (Fig. 4) .
Fig. 4. Communications module and GNSS
The communication modules are connected to two external antennas each one located on the roof of the vehicle, 2.4 and 5.0 GHz bandwidth (Fig. 5) . The GNSS receiver are also fixed to the vehicle roof in order to obtain the best signal possible.
Fig. 5. Vehicles equipped with communications modules and GNSS
The driver will perform the three merging maneuvers supported by the visual warnings provided by the assistance system. The cognitive load of the task is studied examining the pupil diameter and the fixations by means of an ocular tracking system.
Results
Considering the environmental difficulties involved in performing a real driving test, the results obtained in the merging maneuvers have been satisfactory. The position, velocity and acceleration values for each maneuver were analyzed, as well as the levels shown in the application. A total of 13 subjects between the ages of 25 and 45, instrumented with an eye-tracking, performed the circuit. The fixations can be seen in a heat map below, performing a merging maneuver (Fig. 6 ). As you can see, the driver looks mainly at the road and the merging assistance application, as well as the vehicle and control panels. Also shown in the following graph as an example, are the internal data with which the application works and the levels of warning it generates, the positive level is the need to accelerate and the negative, the need to brake.
In the graphs, it can see to the left the velocities of each vehicle and to the right the distances to the lane end. The level is a dimensionless measure that indicates in the positive part the need to accelerate and in the negative part, the need to brake. As can be seen in Fig. 7 , vehicle 1 is warned of the need to accelerate because, although it is closer to the lane end than vehicle 2, at first it starts with a speed of less than 2, and they will probably end up at the lane end. In this case vehicle 1 passes in front of vehicle 2 in the merging. In Fig. 8 , the merging maneuver is very similar to the maneuver in Fig. 7 , observing how the application warns of the need to accelerate at first, as it gives time to pass in front of vehicle 2. There is a negative peak downward in a particular instant because the speeds of the vehicles are equalized and vehicle 1 must accelerate if he wants to maintain its position with respect to vehicle 2. In Fig. 9 , it can see the warnings at first but due to acceleration by vehicle 2, the application suggests passing behind the vehicle. 
In the Tab. 1 times and distances have been summarized, in which the application gives negative warnings, that is to say to brake and the-refore pass behind the vehicle that is within the main road. These values are considered important, because if the driver does not react quickly and there is a situation of not having enough time to proceed to brake safely.
As can be seen from the results, there are no sharp level peaks, but the application suggests starting to brake gradually from level 20. Time and distance are values of similar range in all incorporations, which indicates that it would not show warnings to accelerate when the driver is in a critical situation near the lane end.
CONCLUSION
In this paper, a merging assistance system based on V2V communications has been developed with the aim of making the maneuver safer for the driver. In view of the results obtained, it can be concluded that the application has had a good performance in the real driving tests. In the heat maps, it has been observed that the system is the second point that has more fixations when the maneuver is carried out, behind the fixations to the own lane. This result is very coherent, given that for the driver the final point of the lane is the most important, and he has to arrive at this point with sufficient foresight to be able to merge. On the other hand, seeing the data shown in the graph above and the operation of the application, the merging assistance system is validated in real driving conditions. It has been proven that the system in no case would suggest the driver accelerate near the lane end, which makes it considered a conservative and reliable system in terms of safety. We cordially thank all our colleagues from the AUTOCITS and C-ROADS Spain projects for their collaboration in the C-ITS corridor deployment. We also thank all the participants in simulator and road tests.
